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Epidermal kerati~ocy~es. mi~rate over a provisional matrix 
during the re-eplthehahzatlOn of cutaneous wounds. We 
have investigated the expression of integrins and of trans-
forming growth factor-pl (TGF-Pl) during re-epithelializa-
tion in a porcine model. Tissue specimens were collected at 
different times after injury and stained with antibodies 
against subunits of the fibronectin receptor, integrin aSpl, 
and the vitronectin receptor, integrin avpS . Intense staining 
was observed in the migrating keratinocytes of S-d wounds; 
basal and suprabasal cells were stained around the entire cell 
periphery. Staining returned toward normal levels in 14-d 
wounds. The appearance of the extracellular form ofTGF-pl 
seemed to be coordinated with the increased expression of 
T o rebuild damaged tissue, parenchymal cells in the surrounding uninjured tissue must first alter their phenotype so that they can migrate into the wounded region. The signals that modulate cell phenotype dur-ing wound repair are poorly understood [1]. We have 
used porcine cutaneous wound repair as a model for investigating 
phenotype changes and their functional consequences [2,3]. 
The process of wound healing depends upon a variety of interac-
tions between cells and the extracellular matrix. Two examples of 
such interactions are cell migration, which occurs early in repair, 
and wound contraction, which occurs much later [1]. Many of these 
interactions are probably mediated by a family of cell-surface recep-
tors called integrins [4] . All integrins are composed of two subunits, 
one a and one p, tightly but not covalently bound together. There 
are currently 14 known a subunits and eight p subunits [4]. The 
known combinations of a and p subunits display distinct binding 
specificities [5] . The integrin aSpl binds only to fibronectin, for 
instance, whereas the integrin avP3 can bind to vitronectin, fibrin-
ogen, and a number of other proteins. Some a subunits, such as as, 
associate with only one p subunit. Other a subunits, such as av, can 
form distinct complexes with several P subunits; integrins avPl, 
avfJ3, and avpS have all been identified. The prominent integrins 
of epidermal keratinocytes are a2pl, a3p1, aSp1, a6p4, and avpS 
[6,7]' 
Migrating keratinocytes use integrins for locomotion in vitro [8 -
10], and presumably also use integrins for movement across the 
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integrin subunits: it was detected in migrating keratinocytes 
and in the adjacent epidermis of early wounds at Sand 7 d. 
We also investigated the effect of TGF-pl on cultured epi-
dermal cells. Treating human keratinocytes with TGF-pl 
increased the levels of mRNA for the integrin subunits as, 
av, and pS, but had little effect on p1. The corresponding 
cell-surface expression of as and av was also increased after 
treatment. Thus, during wound repair, TGF-pl may induce 
epidermal keratinocytes to express integrins that facilitate the 
migratory component of re-epithelialization. Keywords:fibro-
nectin/vitronect in/migration/wou lld repa ir. ] Invest D ermatol 
103:221-227, 1994 
wound bed during re-epithelialization. The provisional matrix in 
the wound bed contains fibrin [11], fibronectin [11]. and vitronectin 
[12 J. Integrin aSp1 is the primary fibronectin receptor on keratino-
cytes, and integrin avpS is the vitronectin receptor [13]. Therefore, 
the function of these two integrins may be a crucial regulatory 
element in the process of re-epithelialization. 
Many lines of evidence strongly support the hypothesis that 
transforming growth bactor-p1 (TGF-Pl) is one of the factors mod-
ulating the function of keratinocyte integrins during wound repair. 
First, TGF-p1 can stimulate integrin expression ill vitro. It stimu-
lates cultured fibroblasts to synthesize several integrins, including 
aSp1 [14,15] and avP3 [16J. It also increases expression of the 
integrin P4 subunit in cultured keratinocytes [17]. Second, there is 
an abundant supply ofTGF-p1 in wounded tissue. It is first released 
during the aggregation of platelets, which store relatively large 
amounts [18J, and later it is produced by fibroblasts [19J , keratino-
cytes [20]. and the infiltrating monocytes and macrophages [21] . 
Third, the presence of the extracellular form of TGF-pl, the bio-
logically active form, is spatially and temporally regulated in the 
epidermis during wound repair [22]. Finally, certain integrins also 
appear to be spatially and temporally regulated during wound re-
pair. The expression and the function of the fibronectin receptor 
aSp1 both dramatically increase in the activated keratinocytes of 
wounded skin [2,12,23]. The expression of two other integrin sub-
units, av and a3, is similarly up-regulated [12J. 
To study the role ofTGF-p1 in re-epithelialization, we have used 
the porcine cutaneous wound model and cultured human keratino-
cytes. We examined the migrating epidermis of healing cutaneous 
wounds for the expression of TGF-p1 and for the expression of 
integrin subunits fr0111 the fibronectin and vitronectin receptors. 
Adjacent tissue sections were used to verify that extracellular TGF-
P1 appeared in synchrony with the integrins aSp1 and avpS. There 
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are no prior studies exammmg TGF-pl and integrins simulta-
neously in the same wound model, and no studies at all of pS in 
wounds. Also, we investigated the effect of TGF-pl on integrin 
subunits as, PI, av, and pS in cultured human keratinocytes. Al-
though TGF-pl has been shown to up-regulate p4, its effect on 
other keratinocyte integrins is not known. Moreover, the effect of 
TGF-p1 on avpS has not been studied in any cell type. 
MATERIALS AND METHODS 
Porcine Cutaneous Wound Protocol Male and female domestic white 
Yorkshire pigs weighing 25 to 50 pounds were obtained from Fichter farms 
(Ft. Collins, CO). After arrival the pigs were housed according to the Amer-
ican Association for Accreditation for Laboratory Animal Care standards. 
They were fed Purina pig chow and allowed to rest for 3 d. In preparation for 
cutaneous wounding, pigs were anesthetized with 20 mg/kg ketamine and 2 
mg/kg xylazine, and held at stage 7 anesthesia with halothane and O 2 . At 3, 
4, 5,7 , 10 or 14 d prior to harvest, fu ll -thickness excisional wounds were 
placed at 15 to 20 mm intervals along the central mid-paravertebral areas 
with a sterile, stainless-steel 8 mm punch. Wounds were covered with a 
semi-permeable dressing (Tegaderm, 3-M Corporation, Mil<neapolis, MN) 
followed by an open mesh gauze [24]. After the dressings were in place the 
entire mid-section of the pig was wrapped with Elastikon (Johnson & John-
son, New Drunswick, NJ). On the day of harvest, pigs were anesthetized as 
described above and a full-thickness elliptical excision was taken from each 
wound site and adjacent skin. 
Tissue Processing After harvest the elliptical excisions were bisected 
vertically into equal halves along the major axis of the ellipse with a razor 
blade. The tissue was usually fi.xed in a solution of96% ethanol , 1 % glacial 
acetic acid, and 3% distilled water overnight at 4 ° C and then embedded in 
paraffin using a Histomatic 166A (Fisher, Denver, CO). Occasionally, tissue 
was embedded in O.C.T. compound (Miles, Elkhart, IN) and immediately 
frozen over liquid nitrogen. 
Frozen tissue was sectioned at 6-f1.m intervals, whereas tissue specimens 
embedded in paraffin were sectioned at 4-J.lm intervals. All sections were 
mounted on slides coated with poly lysine. The first complete section ob-
tained from the cut face of each specimen was stained with Masson 
trichrome, so that re-epithelialization near the central wound plane could be 
evaluated. For immunofluorescence studies , the first 100 sections from the 
cut face of a specimen were used. Thus, our observations were made on 
sections within a 400-J.lm vertical plane of the wound center. 
Fixed tissue sections were deparaffinized immediately prior to the staining 
procedure with two 7-min immersions in xylene, two 3-min immersions in 
absolute ethanol, and two I-min rinses in 95% ethanol. The sections were 
rehydrated with several brief rinses in deionized water, fo llowed by a 10-min 
incubation in phosphate-buffered sa line (PDS) . Rehydrated sections were 
incubated with 15,000 U/ml testicular hya luronidase (Sigma, St. Louis, 
MO) 111 PDS for 30 min at 37 °C. The slides were then washed three times in 
PDS for 10 min each. Hyaluronidase pretreatment has been demonstrated to 
restore the expression of extracellular matrix antigens, such as fibronectin 
[25], as well as the expression of fibronectin receptor epitopes [3]. 
Antibodie.s The rabbit polyclonal antiserum designated CC, obtained 
from Celtnx (Palo Alto, CAl, reacts with the extracellular form ofTGF-p1 
[26,27]. This form of TGF-p1, which is the active form or part of the 
potentially activatable pool , is immunologically distinct from the intracellu-
lar, inactive form. It is known that antiserum CC does not recognize the 
foem of TGF-pl expressed in the epidermis of normal skin [28]. 
Antisera to the fibronectin receptor and vitronectin receptor isolated from 
human placenta [29,30] were produced in rabbits [31]. Because the antibody 
against the fibronectin receptor recognizes both the a5 and P1 suhunits, it 
will also recognize other integrins containing PI, such as a a2pl and a3p1, 
which are pmminent keratinocyte integrins [13]. For the sake of brevity and 
clanty, the 111tegnns Identified by thiS polyclonal antibody wi ll be collec-
tively referred to as fibronectin receptor/p1 integrins. Similarly, because the 
antibody against the vitronectin receptor recognizes (XV and /13. this anti-
serum could also react with other integrins containing (XV, such as OI.vP1 and 
avps. Therefore, the integrins identified by this polyclonal antibody wi ll be 
referred to as vitronectin receptor/av integrins. The only currently known 
keratinocyte integrin containing (XV is avp5, but the presence of other OI.v 
integrins is possible. 
A rabbit polyclonal antibody against the carboxy-terminal sequence 
AQLKPPATSDA, from the cytoplasmic tail of 01.5, was the gift of John 
McDonald (Mayo Clinic, Scottsdale, AZ). The monoclonal antibody 23C6, 
specific for (XVP3, came from Michael Horton (Imperial Cancer Research 
Fund, London, UK); monoclonal 3F12, specific for OI.v, came from Robert 
Swerlick (Emory University School of Medicine, Atlanta, GA); AlID2, spe-
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cific for PI, came from Caroline Damsky (University of California, San 
Francisco, CAl. Monoclonal antibody 4D4, specific for Pl, was purchased 
from Coulter Immunology (Hialeah, FL); monoclonal PIF6, specific for 
(XVP5, and PID6, specific for 01.5, were purchased from Telios (San Diego, 
CAl· 
Immunofluorescence The avidin-biotin complex immunofluorescence 
technique was used for these studies. Each primary antibody was titered on 
fixed tissue and subsequently used at the concentration that gave maximal 
specific fluorescence and minimal background fluorescence. Tissue sections 
were incubated for 1 h at 37 °C with a PDS blocking soilltion containing 20 
mg/ml human serum albumin (Calbiochem, La Jolla, CAl, 200 J.lg/ml 
avidin D (Vector Laboratories, Durlingame, CAl, and 50 J.lg/ml of IgG 
fract ion from the animal species used as a source for the biotinylated second-
ary antibody. The slides were then washed three times in PDS for 10 min 
each before the primary antibody solution was applied. After a 1-h incuba-
tion at 37°C, the slides were washed three times in PDS. Diotinylated goat 
anti-rabbit IgG was applied at a concentration of 5l1g/ml. The slides were 
incubated for 1 h at 37 °C and then washed three times in PDS as before. 
Finally, a solution of 20 J.lg/ml fluorescein isothiocyanate -avidin D was 
applied, the slide was incubated for 60 min at 37°C, and then the slide was 
washed three times in PDS for 10 min each . A coverslip was mounted over 
the stained sections using PDS containing 50% glycerol and 1 % parapheny-
lenediamine (PPD) to retard quenching [32]. PPD also counterstains cells a 
dull green/orange color, which is easily distinguishable from the bright 
yellow fluorescein fluorescence. Dlack and white photomicrographs were 
exposed so that specific fluorescein fluorescence appeared white and the 
PPD counterstain appeared dull gray. Slides were viewed and photographed 
with an Olympus Vanox epifluorescence microscope equipped with a halo-
gen light source, a 490-nm excitation fi lter, and a sl5-nm emission filter. 
Plow Cytometry Normal human adu lt keratinocytes, cu ltured as de-
scribed previously [33,34], were obtained from Marcia Simon (Living Skin 
Dank, SUNY, Stony Drook, NY). Cultures were washed twice with PBS, 
fed KDM medium (Clonetics, San Diego, CAl supplemented only with 
111su1111, hydrocorttsone, and gentamicin/amphotericin-D, and incubated for 
16 h. The cultures were then treated for 24 h with bovine bone TGF-pl 
(Celtrix, Palo Alto, CAl in fresh medium. Keratinocytes were prepared for 
flow cytometry [35] and analyzed with a FACStar Plus cell sorter (Becton 
Dickinson, San Jose, CAl. 
Isolation of RNA and Northern Hybridizations Whole cell RNA was 
prepared from keratinocyte cultures, maintained as described above, by ex-
traction in a single step with acid guallidinium thiocyanate-phenol-chloro-
form [36]. RNA samples were separated on formaldehyde agarose gels, 
transferred to nitrocellulose using a Posill iot pressure blotter (Stratagene, La 
Jolla, CAl, and finally immobilized by ultraviolet crosslinking. The cDNA 
probe~ for 01.5, av, and PI were purchased from Tclios (San Diego, CA); the 
plasmid for ps was the kind gift of Shintaro Suzuki (Doheny Eye Institute, 
Los Angeles, CAl. All probes were labeled with 32p using a random primer 
extensIOn system (New England Nuclear, Doston, MA). Hybridization was 
performed 111 QutkHyb (Stratagene) following the manufacturer's instruc-
tions. After probing for integrin mRNA, the blots were stripped and re-
probed for glyceraldehyde 3-phosphate dehydrogenase mRNA (Clontech, 
Palo Alto, CAl. Autoradiogaphs were analyzed using a model GS-670 Imag-
ing Densitometer from Dio-Rad (Hercules, CAl. 
RESULTS 
S?,ncbro~ous Exp~ession of Extracellular TGF-pt and Integ-
rlns Adjacent sections from S-d wounds were exami.ned for extra-
cellu.lar TG~-pl and fibronectin receptor/p1 integrins. Normal 
rabbit IgG did not stam the wound epidermis (Fig la). Extracellular 
T~F-Pl an~ fibronectin receptor/pI integrill appeared to be dis-
tnbuted sumlarly 111 S-d wound epidermis. The extracellular fornl 
of TGF-~l was .id.entified by the antibody designated Cc. It pro-
duced.bng~lt stamll1g on the surfaces of basal and suprabasal cells in 
the ml~ratmg epldertms (Fig 1~) . Similarly, anti-fibronectin recep-
tor/pI .111tegr.ll1 stal~led the outimes of keratinocytes throughout the 
lrugra~ll1g ~pldernus (Fig Ie). Basal and suprabasal cel ls at the tip of 
the mlgratll1g tongue were especially strongly stained. 
The expression of extracellular TGF-pl and fibronectin recep-
tor / pl111t.egr111s appeared t~ ll1creas~ and then decrease coordinately 
as a function of tune after u~ury (Fig 2). In normal epidermis, the 
weak. st~lIllng produced by anti-fibronectin receptor/pI integrin 
was limite? to the bas~lateral surfaces of t he basal cells (Fig 2a). In 
wound epldenrus, antl-fibronectin receptor/pI integrin produced 
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Figure 1. Expression ofTGF-pl and fibronectin receptor/pl integrins in 5-d epidermal wounds. Adjoining sections from fixed wound tissue were used in this 
study. a) Epidermis stained with normal rabbit IgG. The dermal-epidermal junction is outlined, and the direction of epithelial migration is shown by the arrow. 
b) Epidermis stained with antibody CC, specific for extracellular TGF-pl . Bright staining appeared along the surfaces of basal and suprabasal cells. c) Epidermis 
stained with the polyclonal antibody against fibronectin receptor/pt integrins. Basal and suprabasal cells of the migrating epidermis were strongly stained, 
particularly in the tip of the migrating tongue. Bar, tOO Jim. 
more staining 5 d (Fig 2b) and 7 d (Fig 2c) after injury, but almost 
normal staining 14 d after injury (Fig 2d). The extracellular form of 
TGF-fi1 was not detected in normal epidermis (Fig 2e), although it 
was easily detected in the dermis, as observed earlier [16]. In wound 
epidermis, however, it was present at 5 and 7 d (Fig 2J,g). TGF-fi1 
had clearly decreased in the epidermis after 14 d (Fig 2h). 
Expression ofIntegrins in Wound Epidermis Figure 3 illus-
trates a 5-d wound stained with the anti-vitronectin receptor/av 
integrin antiserum. Basal and suprabasal cells of the migrating epi-
dermis showed bright staining for av, but near the edge of the 
wound only basal cells showed clear staining. Normal epidermis 
greater than 2 .5 mm from the wound margin showed only faint, 
sporadic staining. A similar staining pattern was previously reported 
for the anti-fibronectin/fi1 integrin antiserum [2] . 
Three-, four-, five-, and seven-day wounds were probed with a 
different set of antibodies specific for fit, 0'5, and avfiS. At all times 
examined, integrin subunits 0'5 and fit , and integrin complex avfis, 
were more abundant in the migrating epidermal tongue compared 
to normal skin, whereas the integrin complex avfi3 was not ob-
served in migrating keratinocytes or in normal epidermis. Typical 
results from a S-d wound are illustrated in Fig 4. Integrin subunits 
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Figure 2. Chronologie expression ofTGF-pl and fibronectin receptor/pI 
integrins in epidermal wounds. Normal epidermis (a ,e), and 5-d (b,j), 7-d (c, 
g), and 14-d (d,i1) wound epidermis were stained for fibronectin receptor/p1 
integrins {a-d) or extracellular TGF-fJ1 (e-Ir) . All tissue was fixed; compa-
rable sections are shown for each time point. a) Normal epidermis expressed 
fibronectin receptor/p1 integrins faintly along the basolateral surface of 
basal cells. b,c) Five- and seven-day wound epidermis expressed fibronectin 
receptor/p1 integrins more intensely, and staining was found around the 
periphery of basal cells and suprabasal cells. d) Fourteen-day wound epider-
mis was similar to normal skin in the expression of fibronectin receptor. e) 
Normal epidermis did not express extracellular TGF-pI, although the 
dermis was brightly stained. J,g) Five- and seven-day wound epidermis, 
however, did express extracellular TGF-p1. h) Fourteen-day wound epider-
mis was again similar to normal skin; it exhibited no extracellular TGF-fJ1. 
Bar, 50 11m for a- d, g-h; 100 11m for e andf 
as and fJ1 were strongly expressed in the migrating epidermis (4a 
and b, respectively). Furthermore, the av integrin subunit was 
present in the migrating epidermis as a complex with fJS (4c) and not 
with fJ3 (4d). 
Induction of a5 and av by TGF-fJl Because these observations 
of the porcine wound model suggested that TGF-fJl might stimu-
late the expression of as and av, we investigated the effect of 
TGF-/11 on cultured human keratinocytes. First, Northern analysis 
was used to measure the relative abundance of mRNA for as, av, 
/11, and /15 after treatment with TGF-/11. Stimulation with TGF-/11 
for 24 h induced a striking increase in the level of mRNA for as, av' 
and /15, but had little effect on fJ1 (Fig 5). These autoradiographs 
were analyzed by densitometry and the integrin results were nor-
malized for the amount of glyceraldehyde 3-phosphate dehydro-
genase mRNA present in each lane. This analysis showed that the 
mRNA for as increased by 40% after treatment with 0.75 ng/ml 
TGF-/11 for 24 h and by 100% after treatment with 2.5 ng/ml. 
After treatment with 0.75 ng/ml, the mRNA for av rose by 60% 
and /15 increased by 50%. Even under stringent conditions, as noted 
previously [37], two transcripts were detected in the blot probed for 
av. Interestingly, for av and /15, a dose of 0.75 ng/ml appeared to 
induce a greater increase than a dose of 2.5 ng/ml. 
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Second, flow cytometry was used to measure the cell-surface 
expression of integrin subunits after treatment with TGF-fJl. 
Treatment with 2.5 ng/ml for 24 h induced a 50% increase in the 
expression of as and a 40% increase in the expression of av, but 
only a negligible increase in /11 (Fig 6). There were dose-depen-
dent increases in as and av at lower doses of TGf-fJl. Additional 
results from flow cytometry have verified an increased cell sur-
face expression of av/15 after treatment with TGF-fJ1. Treatment 
with 10 ng/ml for 48 h produced a 65% increase in cell-surface 
av/15. 
DISCUSSION 
We have investigated the process of re-epithelialization using a 
porcine model of full-thickness cutaneous wounds. Staining for 
subunits of the fibronectin receptor, a5fJ1, and the vitronectin re-
ceptor, av/15, was more intense in 3-, 4-, 5-, and 7-d wounds, but 
returned toward normal levels in 14-d wounds. In the same wounds, 
the appearance of an extracellular form of TGF-/11 appeared to be 
coordinated with the increased expression of the integrin subunits. 
Furthermore, in cultured human keratinocytes, TGF-fJl stimulated 
expression of the integrin as, av, and fJ5 subunits. These observa-
Figure 3. Expression of vitronectin receptor/av integrins in 5-d epidermal 
wounds and in adjacent normal skin. These fixed sections were stained with 
the polyclonal antibody against vitronectin receptor/av integrins. The 
upper composite illustrates a migrating epidermal tongue, marked e, moving 
in the direction indicated by the open arrow. Basal and suprabasal cells ex-
pressed substantial amounts of antigen in the leading portion of the tongue, 
but only basal cells still expressed significant amounts at the wound margin, 
which is near the hair fo llicle indicated by the triallgle. Lower pallel, a section 
of normal skin adjacent to the same wound shown above. Arrows, basal 
lceratinocytes about 3 mm from the wound margin, which is on the left; 
these cells express little detectable antigen. Solid arrowiJeads, ·smooth muscle 
cells in arrector pilae; these cells ate clearly stained and serve as a positive 
control. Bar, 200 tlln . 
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Figure 4. Ex!,ression of as, PI, and cxvpS in S-d ~piderma l w.ounds. Adjoining frozen sections were sta ined with a polyclonal antibody specific for the 
cytoplasmic tad of as (a), or with monoclonal antibodies specific for PI (b), cxvpS (e), or cxvP3 (d). The monoelonals used wer.e 4B4, PlF6, and 23C6, 
respectively. Opell arrow (a and d), direction of epithelIal migration. Integnn subulUts as, Pl , and ll1tegnn avpS were elearly present m the keratmocytes of the 
migrating tongue, although the staining for avpS was weak. Integrin cxvP3 was not detected in keratinocytes. Bar, 100 11m. 
1 1 
a5 ~1 
av ~5 
Figure s. Analysis of keratinocyte RNA by Northern blots. Keratinocyte 
cul tures were treated for 24 h with TGF-pl at a dose of o. 75 ng/ ml (Ialle 2) 
or 2.5 ng/ml (/atle 3), or left untreated as control (lalle 1). Northern blots of 
whole cell RNA were probed for the expression of mRNA encoding the 
indicated integrin subunits: as, Pl, av, or pS. After probing for integrin 
mRNA, the blots were stripped and reprobed for glyceraldehyde 3-phos-
phate dehydrogenase mRNA, to establish the relative loading in each lane, 
and then the autoradiographs were quantitated by densitometry. 
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Figure 6. Analysis of keratinocytc ce ll surface integrins by flow cytometry. 
Keratinocyte cnltures were treated with the indicated dose ofTGF-pl for 24 
h, and then ana lyzed for the cell surface expression of the integrin subunits 
as (X) , cxv (A) andpl (0) with the monoclonal antibodies PID6, 3F12, and 
AHB2, respectively. Results, ca lculated from mean fluorescence intensity, 
are given as a percentage of the express ion detected on control untreated 
keratinocytes. Shown here arc the data from a single experiment; the results 
have been verified in repeated experiments. 
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tions suggest that the increased expression of integrins may facilitate 
keratinocyte migration during re-epithelialization, and that TGF-
PI may be one factor stimulating the expression of integrins. 
Expression of the fibronectin receptor, integrin aSp1, appeared 
to be higher in keratinocytes from early wounds compared to those 
from normal, uninjured skin, where the level of expression is low 
[38). One recent study of human excisional wounds also demon-
strated that higher levels of as were transiently expressed during 
re-epithelialization (12) . Furthermore, a number of studies from 
Grinnell and co-workers have previously demonstrated that the 
induction of functional aSp1 is associated with keratinocyte migra-
tion, and they have also proposed that this induction contributes to 
cutaneous wound repair [23,39,40] . Our findings confirm these 
observations and demonstrate, in addition, that the induction of 
aSp1 occurs simultaneously with the appearance of extracellular 
TGF-P1. 
Expression of avpS also appeared to be increased in epidermal 
keratinocytes of early wounds . Because the av subunit can combine 
with several different p subunits, it is vital to distinguish among the 
various possible combinations. An increased expression of the av 
subunit in wounds has already been demonstrated for epidermal 
keratinocytes (12) and for mucosal keratinocytes [41). However, our 
report provides the first evidence for up-regulation of the avpS 
complex. 
The presence of an extracellular form ofTGF-p1 appeared to be 
temporally and spatially coordinated with the increased expression 
of integrin subunits. The extracellular form of TGF-p1, which is 
the active or potentially activatable form, was identified in the mi-
grating keratinocytes of early wounds by the antibody cc. This 
form ofTGF-p1 appeared in 5- and 7-d wounds, but was less appar-
ent after 10 d and was not detected after 14 d, a time course that 
parallels the rise and fall of integrin expression. Extracellular TGF-
P1 and increased integrin expression were also both detected in 
similar locations of the wound, particularly at the leading edge of 
the migrating tongue. These observations on full-thickness porcine 
wounds complement an earlier description of TGF-p1 in partial-
thickness porcine wounds (22). 
The findings we present here contribute to our growing under-
standing of the role of integrins in epidermal wound healing. It is 
now apparent that certain aspects of the re-epithelialization mecha-
nism depend upon the type of injury. Studies of two different 
wound models have yielded patently different results. When 
wound repair was studied in a human suction blister model, with 
monoclonal antibodies against the integrin subunits a2, a3, as, P1, 
av, a6, and P4, there was very little change observed in the relative 
distribution or intensity of staining at the leading edge of the mi-
grating epidermis compared to normal epidermis [42] . However, 
when wound repair was studied in a human excisional wound 
model, with monoclonal antibodies against the same integrin sub-
units, very different results were obtained [12]. The integrin sub-
units a3, as, and av were all more strongly expressed on migrating 
keratinocytes; this overexpression occurred on basal and supra basal 
cells. Our results from the porcine wound model expand those 
results from human excisional wounds. Because blood is not present 
in the suction blister wound, and because the basement membrane is 
partially maintained, it is perhaps not unexpected that the re-epi-
thelialization of blister wounds shou ld proceed through a mecha-
nism that is different, at least when gauged by integrin expression. 
These data suggest that TGF-p1 is one of the signals that drives 
keratinocyte migration during re-epithelialization. TGF-p1 can 
stimulate keratinocyte migration (43,44] and outgrowth [45) ill 
vitro, but its effect on motility seems to be complex and may depend 
upon how motility is measured [46) . Because TGF-p1 in vitro can 
induce the synthesis of P4 (17] and the expression of as, av, and pS 
(Figs Sand 6), it is possible that TGF-p1 in vivo induces the expres-
sion of integrins during re-epithelialization. The observed rise of 
extracellular TGF-p1 implies that endogenous TGF-P1 processing 
and activation occur in wound epidermis. The active TGF-p1 may 
contribute to the up-regulation of integrins, and the integrins may 
subsequently facilitate keratinocyte migration. 
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